Amplifier
Because of the high resistance of the micro-pipette, a pre-amplifier as shown in fig.1 was attached.
Main d.c. amplifier ( fig.2 ) is of a type of mechanical in-put interruptions by a frequency of 650 a second. After amplifying such interrupted waves as a career, they were rectified by a diode-tride (UZ-85), andred to an electromagnetic oscillograph. A low-pass filter of the cut-off fre- Sec. 1-2: a-wave starts normally, but before it reaches the bottom, as related to the electroretinogram, a small hump is often observed. Initiation of b-wave is suppressed by a negative deflection, which starts sometimes slightly before, and sometimes after the initiation of -b=wave; and when it precedes bwa ve, the hump behaves as if it were ,masked partly or totally by the negative deflection.
Whole b-wave contour is lowered. d-wave is also interrupted by a negative deflection of shorter duration. Sec. 2-3: a-wave becomes smaller, and the negative *deflections on both band d-waves are increased in size.
Sec. 3-4: a-wave disappears, the small hump remains unchanged if it existed at upper sections, and the negative deflections take the places of b-and d-waves.
c-wave, which lasts over 30 sec., is augmented, as the electrode is advanced as far as this section.
Sec. 4-5: a-wave is usually reversed, and the whole curve resembles the mirror image of the normal electroretinogram, except that c-wave remains unchanged in its sign.
Below 5: The same curve as at Sec. 4-5 is obtained, but it gradually becomes smaller, until it disappears at about 7.
The small slow oscillations as found at Sec. 04 are not infrequently observed in all the sections (cf. fig.6 ), but with decreasing magnitude at below 5.
The same experiments were repeated on the retina isolated from the bulb at between the receptors and the pigment layer with the same result, but c-wave was very small or missing.
DISCUSSION
Localization of the component potentials of the normal electroretinogram, P I, P II and P III according to Granit (4) , may be, of course, more definitely determined, after investigating the effects of chemical agents upon the intraretinal action potential or upon some phase of it. It may not be impossible, however, to discuss the localization from the results obtained up to present.
Theoretically, at least three types may be differentiated as the sources of potenital, which can be detected by the micro-pipette technique.
The first type is a simple electric doublet.
Provided cells, each of them being longitudinally polarized to make such a simple doublet and being similarly oriented at right angles to the surface of the retina, are arranged in some retinal layer ( fig.9) , it would become quite easy to determine the layer where the potential originates, because the potential must be reversed when the electrode has passed through that doublets layer. Of course, the size of the reversed potential depends upon the resistances of the circuit in fig. 9 , and is more or less smaller than Fig.9 . Illustrating the effective potential e, led by a pair of electrodes, E1 (micro-pipette in the retina) and E2 (inactive electrode), when simple electric doublets are supposed to make a layer in the retina. (R1+R2) and R3 represent the equivalent resistances inside and cutside the retina, respectively.
As is clear in the diagram, e eo eo R2/(R1+R2+if E1 is situated above the doublets layer, or e G e0R2/(Ri+R2+R3), if E1 is under the layer. In the latter case, e has the opposite sign of the former.
that of the original.
The second type is of a perfectly localized nature, such as due to symmetrical polarization of small cells or due to a localized transitional change in ion concentration.
Potentials of this type can only be detected when one of the paired electrodes is placed at -that locus.
The small hump which is detected only intraretinally belongs with no doubt to this type. This hump can also be detected with the same sign, even when the electrode is introduced into the isolated retina from its outer side.
The third type is of an intermediate character of the formers. It may be, for instance, due to asymmetrical polarization of short cells. In this type, the potential led off by the electrode placed closely to the source must be larger than that expected from a structure of simple doublet.
The a-wave may be regarded as of the origin of the first type. It is not disturbed by any local potential, at least in its initial part, at every depth of the retina.
It is decreased, abolished and finally reversed, while the Y electrode passes through the bipolar cells layer.
Thus it is conceivable that P III originates in the bipolar cells layer, which is inconsistent with Adrian and Matthews (1), and which makes easy to understand the results obtained by Granit (4) and by Bernhard and Skoglund (2) who relate P III to inhibition. P I also takes a similar manner as P III; It remains unchanged in its sign in every layer of the retina, and is enhanced in the bipolar cells layer.
This, together with the result that c-wave is very small or missing in the isolated retina, suggests that some metabolic process in the receptors, which relates to recovery after excitation, and which presumably needs the cooperation of the pigment cells, might be concerned in its origin. The intraretinal augmentation of the c-wave may be understood by assuming that the micro-pipette inserted into the retina is freed from the effect of potential drop in the resistance R1 in fig.9 , and the fact that P I never reverses its sign even when the electrode has passed through the receptors layer but simply disappears may be explained from that the resistance R2 between the active and inactive electrodes is negligible in this case. A possibility that P I might be related to the pigment movement can be excluded, since with the electrode situated near or in this layer the c-wave is very small or missing.
The resting potential of the retina, or at least one part of it, may also be regarded as of the same origin as P I from the evidence that, when the micropipette is extruded gradually from the bottom of the retina, the potential level is elevated at its earlier stage to approach the initial level (cf. fig. 4 ). The well-known fact that the resting potential is elevated by continuous illumination might be considered as an electrical manifestation of the continuous recovering process in the receptors.
As to the determination of P II localization, the circumstances are not sc, simple.
b-, as well as d-wave, is suppressed by a negative deflection when examined intraretinally.
The negative deflection appears, at first sight, as if it were the reversed form of b-or d-wave due to having passed of the electrode through the doublets layer concerned, but it is becoming clear by later experiment that such conception is incorrect, the details of which will be reported in next paper. 
SUMMARY

